The FeSe nematic phase has been the focus of recent research on iron based superconductors (IBSs) due to its unique properties. A number of electronic structure studies were performed to find the origin of the phase. However, such attempts came out with conflicting results and caused additional controversies. Here, we report results from angle resolved photoemission and X-ray absorption spectroscopy studies on FeSe with detwinning by a piezo stack. We have fully resolved band dispersions with orbital characters near the Brillouin zone corner which reveals absence of a Fermi pocket at the Y point in the 1Fe Brillouin zone.
The FeSe nematic phase has been the focus of recent research on iron based superconductors (IBSs) due to its unique properties. A number of electronic structure studies were performed to find the origin of the phase. However, such attempts came out with conflicting results and caused additional controversies. Here, we report results from angle resolved photoemission and X-ray absorption spectroscopy studies on FeSe with detwinning by a piezo stack. We have fully resolved band dispersions with orbital characters near the Brillouin zone corner which reveals absence of a Fermi pocket at the Y point in the 1Fe Brillouin zone.
In addition, the occupation imbalance between d xz and d yz orbitals is found to be opposite to that of iron pnictides, which is consistent with the identified band characters. These results settle down controversial issues in the FeSe nematic phase and shed light on the origin of nematic phases in IBSs.
Nematic phase is a state with a broken rotational symmetry but with an intact translational symmetry. It has attracted renewed attention with a notion that it may provide an important clue to the mystery of unconventional superconductivity 1 . Its region almost coincides with that of the superconducting region in the phase diagram for both cuprates 2 and iron based superconductors (IBS) 3 , implying its possible connection to the superconductivity. Finding the origin of nematic phases thus has been considered to be one of the most important goals in the research on unconventional superconductivity, especially for IBSs where studies on nematic phases were first initiated.
Recently, the nematic phase in FeSe has attracted attention due to its distinct properties from those of pnictide nematic phases. The most peculiar aspect is the absence of long range 2 magnetic order which always coexists with orbital order in pnictide nematic phases 4, 5 . Furthermore, it was revealed that resistivity anisotropy for FeSe has the opposite sign compared to that of iron pnictides 6 ; resistivity along the longer a-axis is smaller than that along the shorter b-axis for iron pnictides while it is the other way around for FeSe. These two observations prompted the conjecture that the nematic phase in FeSe may be different from that of iron pnictides. Therefore, understanding the FeSe nematic phase may provide insight on universal understanding of the nematic phase in IBS. More importantly, considering the recent discovery of orbital selective correlation and superconductivity in FeSe in STM studies 7, 8 , superconductivity mechanism could be addressed by understanding the origin of the nematic phase because the nematic phase is widely believed to induce orbital selectivity.
In this regard, a number of angle resolved photoemission spectroscopy (ARPES) experiments have been performed to investigate the electronic structure of FeSe 9-12 . However, interpretations from different experiments vary and caused more controversies on the origin of the nematic phase in FeSe. Various conflicting scenarios were proposed as the origin of the nematic phase based on ARPES results such as simple ferro-orbital ordering 9 , d-wave orbital order 10 , unidirectional nematic bond order 11 and reversal sign ordering 12 . Probable cause of such controversies is the lack of full and accurate electronic structure information which may be obtained only from fully detwinned single crystals. Therefore, the issue may be resolved only with full electronic structure information. Only then, the origin of the nematic phase in FeSe may be addressed.
Here, we present results of electronic structure studies by AREPS and X-ray linear dichro- Based on this experimental observation as well as the full band dispersion characterization along with its temperature dependence (discussed below), we conclude that there is only one elliptical pocket at zone corners as illustrated in Figure 1d . It immediately implies that, one of two pockets in the normal state should disappear across the nematic phase transition. That is, the pocket at the Y point in 1Fe BZ scheme shown in Figure 1e should disappear while the pocket at the X point remains.
Dispersions and orbital characters of bands. Especially, the band dispersions around the zone corner are dramatically renormalized and become those of two merged Dirac cones (possibly with small gaps at band crossing points) (see Figure 2b ).
The Γ-X (k x -direction) data shows a sizable electron band and two split hole bands, while a tiny electron band near E F and two closely located hole bands at a higher binding energy are seen in the cut along the Γ-Y (k y -direction). These observed dispersions are consistent with previous results 13 . In order to understand the band structure more concretely, polarization dependent experiment is it is reasonable to speculate that those two bands do not exist below E F , and that they should be pushed above E F across the nematic phase transition.
Temperature evolution of electronic structure. The temperature evolution of electronic structure XLD measurement, a local probe for orbital selective density of states, can provide direct proof of the imbalance in the orbital occupancy 14, 16 . Figure 4a shows the experimental geometry with two light polarizations, parallel and perpendicular to the strain direction. Fe L-edge absorption spectra from detwinned FeSe taken with the two light polarizations at 10 K are plotted in Figure 4b . With the given experimental geometry, the linear dichroism or XLD shown with the black solid line in Figure 4b should reflect the imbalance in d xz and d yz orbital occupancy. A complication is that not only the orbital occupation imbalance but also the orthorhombic structural distortion is known to contribute to the XLD signal 16 .
It was previously shown that the two contributions can be separated by considering their distinct behaviors in the temperature dependence 14 . A close inspection of the temperature dependent XLD data in Figure 4c reveals that XLD signal starts to appear below T S and monotonically increases 8 as the temperature decreases down to 10 K. Such monotonic increase of XLD can be more clearly visualized by plotting the integrated XLD (see the figure caption for the definition) as a function of temperature (Figure 4d) . If the XLD contains only the structure contribution, it should immediately saturate below T S as the structure contribution should follow the orthorhombicity of the crystal (see the overlaid diffraction data) 17 . Therefore, the non saturating increase far below T S indicates that XLD does contain contribution from orbital imbalance. An important point to note is that the orbital contribution is positive. Positive XLD from orbital means that d xz orbital is less occupied (n xz < n yz ), contrary to the case of simple ferro-orbital order scenario and to the iron pnictide case (n xz > n yz ) (Figure 4e ).
Discussion
As our interpretation of the electronic structure evolution across the nematic phase transition in FeSe is confirmed by observation of the reversed orbital occupancy imbalance, its implication may be discussed. First of all, the sign reversal in the hole band splitting and the reduced number of electron bands in our interpretation do not support the unidirectional nematic bond order scenario which requires absence of hole band splitting 11 . On the other hand, d-wave form splitting 10 and sign reversal order 12 scenario are partially consistent with our result when the hole band splitting is considered. From these results, we learn that the evolution of electron band dispersions as well as the role of the d xy band are taken into account to obtain a fully consistent picture, that is to say, full understanding of the nematic phase.
With the concrete understanding of the electronic structure, the unique properties of FeSe nematic phase -absence of magnetism and opposite resistivity anisotropy -can also be understood.
The absence of the magnetism can be explained for both weak and strong coupling pictures. In the weak coupling picture, a weak Fermi surface nesting condition stemming from opposite orbital characters of Fermi surface pockets could explain the absence of magnetism; the inter-orbital nesting between Fermi surfaces at the zone center (mostly d xz with small contribution from d yz )
and corner (mostly d yz ), which is considered to be the source of the magnetism in the weak coupling picture, is mostly suppressed due to the opposite orbital characters. In the strong coupling picture, the absence of the magnetism could be explained within an orbital weight redistribution scheme 18, 19 Meanwhile, the opposite resistivity anisotropy can be easily explained within the observed reversed orbital occupancy imbalance if we simply follow the argument that orbital occupation imbalance characterizes the resistivity anisotropy 22, 23 .
Another important implication of our work is that it provides a new perspective on the origin of the nematic phase. It has been believed that the nematic band shift and the occupancy imbalance between d xz and d yz orbitals are equivalent. Therefore, they represent a single phenomenon of the ferro-orbital order stemming from symmetry breaking at the atomic level. Our observation of the reversed orbital occupancy imbalance, an occupancy imbalance opposite to the nematic band shift, clearly shows that they are not equivalent. Furthermore, their opposite behaviors strongly suggest that the nematic band shift is neither a manifestation of nor generated by the development of occupancy imbalance. The occupancy imbalance should rather be a by-product of the nematic band shift as well as the role of d xy orbital discussed above. In short, our results indicate that the ferro-orbital order is unlikely the driving instability of the nematic phase in IBSs. Instead, the instability responsible for the system independent nematic band shift should be the true driver of the nematic phase. It could be an instability with a spin origin or still an orbital origin but in a different form. In any case, our findings provide crucial information on the nematic phase origin issue by eliminating the ferro-orbital order from the candidate list. It should further shed light on the origin of the nematic phase in IBSs.
Methods

Experiments
XAS experiments were performed at the beam line 2A of the Pohang Light Source and spectra were recorded in the TEY mode. All spectra were normalized by the incident photon flux intensity measured from a gold mesh and calibrated with respect to L 3 absorption peak of (red, 14 ) at 30 K. The inset above is a schematic figure for energy levels of two materials.
